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Abstract
Cystic fibrosis (CF) is an autosomal recessive disease of the exocrine glands with multiple serious complications. It was reported that the incidence of CF in 
Saudi Arabia is 1 case in every 4243 of the population in 1986. Around 2000 mutations were listed in the CF Mutation Database, among them only the 32 
were considered as common mutations. In Saudi Arabia, 1548 delG is the most common mutation among CF cases. The main problems of CF in Saudi Arabia 
are the delay in diagnosis, lake of awareness and the economic burden of treatment of CF cases especially with late diagnosis and multiple complications. 
However, recently, more attention is paid to CF with more specialized diagnosis facilities and more awareness, however further large scale and longitudinal 
studies should be done to determine Saudi CFTR mutation patterns which could be needed during a screening of CF in Saudi Arabia.
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Introduction
Cystic fibrosis (CF) is an autosomal recessive disease of the 
exocrine glands that involves multiple organ systems but chiefly 
results in chronic respiratory infections, pancreatic enzyme in-
sufficiency, and associated complications in untreated patients 
[]. Pulmonary involvement occurs in 90% of patients surviving 
the neonatal period and end-stage lung disease is the principal 
cause of deaths [2]. Once limited largely to infants and children, 
the immediate prognosis has changed drastically over the last 
three decades so recently, the majority of patients survive into 
adolescence, and nearly 80% live beyond their twentieth birth-
days [].
Cystic fibrosis had been well known in European folklore since 
the middle ages. It was defined as woe, which was manifested 
as a child who tastes salty from a kiss on the brow, for he is 
cursed, and soon must die [4]. Cystic fibrosis was first recog-
nized as a separate disease entity and was distinguished from 
celiac disease in 1938 in the pancreas during postmortem dis-
section of malnourished infants and termed as “cystic fibrosis 
of the pancreas” [5], while the causative gene mutation was 
first discovered in 1989. Since then, research was expanding to 
highlight the underlying molecular abnormalities [6].

Epidemiology of CF: 
Cystic fibrosis is the most common life-shortening autosomal 
recessive disease of whites, which affects approximately 1 in 
3,500 live births [1,2]. Cystic fibrosis was estimated to affect 
60,000 individuals worldwide. It was observed primarily in indi-
viduals of European Caucasian descent with an incidence rang-
ing from 1 in 2,000 to 1 in 4,000 [7]. In the United States of 
America, the number of CF cases registered in CF Foundation 
Patient Registry had increased from 21000 to 26000 cases be-
tween 2000 and 2010. Their median age increased from 14.3 
to 16.7 years with adjusted mortality lowered by 1.8% per year 
and increased median survival of children born with CF to be 37 
years for females and 40 years for males. Hence, its lifespans 
are expected to increase with continuously lowered mortality 
rates [8].   
A more recent study in 2017 compared CF survival between 
the United States of America and Canada revealed that based 
on the available data collected from 2009 to 2013, the median 
age of survival in Canada was 10 years longer than the United 
States (50.9 vs. 40.6 years, respectively) [9]. Cystic fibrosis is 
much less common in native African and native Asian popula-
tions [7]. 
In China, there are no definite data about CF statistics and only 
38 cases were reported from 1974 until 2018. This under-re-
porting of cases in China may be due to more difficult diagnosis 
caused by low awareness, atypical clinical symptoms, and a lack 
of testing facilities in most hospitals [10]. 
There is no definite data regarding the prevalence of CF in the 
Middle East countries including Saudi Arabia [11]. The first Mid-
dle East reported case of CF was from Lebanon in 1958 [12] 
while the first reported case in Saudi Arabia was in 1986 [13]. 
It was reported that the incidence of CF in Saudi Arabia is one 
case in every 4243 of the population in 1986 [13]. However, it is 
roughly estimated that at least 800-1000 cases may have CF in 
Saudi Arabia. This estimated number is expected to increase in 

reality due to high rates of consanguinity [11]. Cases reported 
from Saudi Arabia are shown in Table 1. 
King Faisal Specialist Hospital, the main referral center for CF 
cases in Saudi Arabia, reported that 183 cases were diagnosed 
as CF from 1985 to 2003. They were diagnosed as CF by their 
typical clinical picture and two consecutive positive sweat tests. 
Their ages were around 4.3 ± 3.3 years with no significant dif-
ference of prevalence between both genders. Their follow-up 
period ranged from 0.01 to 18 years [14].   Unfortunately, the 
median survival for CF cases in Saudi Arabia was estimated 
to be up to 20 years of age [11-15] due to delayed diagnosis 
caused by low awareness and decreased specialized medical 
facilities for CF. In addition to poor follow up of the diagnosed 
cases, delayed diagnosis caused by a lack of parents’ aware-
ness.

Pathogenesis of CF:
Cystic fibrosis is an autosomal recessive disease caused by 
abnormalities in the cystic fibrosis transmembrane regulator 
[CFTR] gene, which encodes for a protein that functions as  
chloride and bicarbonate channels and also regulates the flow 
of other ions across the apical surface of epithelial cells [6]. In 
1989, the CF locus was localized through linkage analysis to the 
long arm of human chromosome 7 [22]. Thus far, 1893 CFTR 
mutations have been identified [23]. 
Around 2000 mutations are listed in the Cystic Fibrosis Muta-
tion Database [10]. Among them, only the 32 were considered 
as common mutations and included in the recommended CFTR 
gene mutation screening panel [24]. The most common muta-
tion is named as p.F508del, which was reported in about 70% 
of diagnosed Caucasian CF cases [25]. Half of affected indi-
viduals of northern European descent are homozygous for the 
p.F508 mutation, another 25%-30% have one copy of ΔF508 
plus another mutation, however, the p.F508del variant is not 
common among reported Asian CF cases. [10]
CFTR mutations result in abnormalities of cAMP-regulated an-
ion transport across epithelial cells on mucosal surfaces. The 
failure of chloride and sodium conductance of epithelial cells 
and associated water transport abnormalities result in viscid 

Table 1. Published reported cases of cystic fibrosis in Saudi Arabia and their 
reported mutations.

Authors Year
Number 
of cases

Reported mutations

Abdullah MA 
[13]

1986 1 Mutations Not studied

Nazer et al. [15] 1989 13 Mutations Not studied

Nazer  and 
Rahbeeni [16]

1994 36 Mutations Not studied

Al-Mobaireek & 
Abdullah [17]

1995 10 Mutations Not studied

El-Harith et 
al.[18]

1997 15 3120þ1G/A , N1303K, 1548delG

Banjar et al. 
[19]

1998 70 F508del , I1234V,  N1303K, R553K, 
3120þ1G/A

Kambouris et 
al [20]

2000 70 H139L S549R

Banjar [21]
2013 317 1548delG, DF-508, I1234V, 

3120+1G→A, 711+1G→A, H139L in 
20 [8.5%],
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secretions in the respiratory tract, pancreas, GI tract, sweat 
glands, and other exocrine tissues. Increased viscosity of these 
secretions makes them difficult to clear and predispose to the 
colonization of pathogens and repeated infections with exces-
sive neutrophils infiltrates and cytokines secretion [26]. Micro-
biology studies reveal a fairly typical evolution of pathogens 
with respiratory viruses, Haemophilus influenzae and Staphy-
lococcus aureus, predominant at an early age. With time, more 
problematic and resistant pathogens develop, including, Pseu-
domonas aeruginosa and other gram-negative bacteria e.g. 
Burkholderia cepacia, Stenotrophomonas maltophilia [27].
Based on molecular and structural defects, CF-causing muta-
tions are classified into five classes [28].  Classes I, II, and III are 
generally more severe causing “classic CF.” While Classes IV and 
V are usually milder. Also, other genes called modifier genes can 
affect a person’s symptoms and outcome. A sixth class has also 
been proposed but this class has not been well described yet 
(Table 2) [29]. Unfortunately, this classification is not correlated 
well with the clinical findings regarding disease severity and 
recommended guide counseling [30].
Atypical CF was described as a milder form of the CF caused 
by mutations of the CFTR gene. These cases usually have 1 
severe mutation and 1 less common mutation or abnormality 
of trinucleotide repeats on their other CFTR gene [31]. Cases 
with atypical CF might only have dysfunction in a single organ 
system [32].   
In Saudi Arabia, CF cases report data regarding CFTR muta-
tions detection showed that 89% of CFTR alleles have been 
identified (Table 1) [18-21]. F508del constitutes 12% of CFTR 
mutation. 1548 delG is the most common Saudi CFTR muta-
tion identified (20%). 1548 delG, F508del, I1234V, 3120 1G > 
A, H139L, 711 1G > A, N1303K, S549R, 2043delG, 1507del 9 
are the most common CFTR mutations of Saudi ethnic origin 
(80%) [11]. Screening for the previously mentioned 10 muta-
tions would identify 80% of C.F. alleles

Clinical features of CF: 
Cystic fibrosis is characterized by chronic sinopulmonary and 

gastrointestinal involvement [33]. Most body organs are in-
volved (Table 3). Mostly the progressive pulmonary disease 
leads to death in the majority of patients (about 90% of CF 
mortalities) [2]. Abdominal symptoms (AS) of CF are a hallmark 
of the multi-organ disease CF. However, the abdominal involve-
ment in CF is insufficiently understood and still receives little 
scientific attention than the pulmonary manifestations [7]. Pan-
creatic CF is rare in children. Malnutrition, diarrhea, and ab-
dominal pain are its main clinical manifestations [34].

Diagnosis of CF: 
Diagnosis is based on a panel of screening test, clinical and 
laboratory data which are shown in Table 4. Late diagnosis is 
a limiting factor for proper treatment in the majority of cases 
due to minimal early manifestations which mimic other diseas-
es. Lack of training and awareness among healthcare physi-
cians are among other important issues in the delayed diag-
nosis. Additionally, a limited number of CF-specialized testing 
center s in the Middle East and Saudi Arabia is another crucial 
cause for delay in diagnosis. Sweat test remains the standard 
test for diagnosis [36].

Management of patients with cystic fibrosis:
A problem in the treatment of CF patients is that very mild 
cases can also rapidly deteriorate after viral infections or due 
to other unrecognized factors, implying that once the diagnosis 
has been made, the preparedness to treat mild symptoms is 
important. Monthly check-up for CF cases is recommended. It 
is also well recognized that a center should be organized as a 
team consisting of a doctor, nurse, physiotherapist, dietician, 

Table 2.  Classes of Cystic fibrosis causing mutation[11,26] 

Effect on CFTR Protein Examples

Class I These mutations prevent CFTR protein 
production and may cause complete absence 
of CFTR protein as they form premature stop 

codons.

 Arg553X, 
Gly542X, 
Trp1282X 

Class II In this class, an insufficient amount of CFTR 
reaches the apical cell surface leading to 

inadequate transport

Phe508del [the 
commonest]. 

32,33  [Gly85Glu, 
Arg560Thr, Il-
e507del, Asn-

1303Lys] 

Class III Structurally Normal CFTR protein formation 
with disturbed function causing disturbed 

gate opening [gating mutations]. 

Gly551Asp [the 
commonest class 

III mutation] 

Class IV Structurally normal CFTR with impaired 
conductance capacity 

Arg117His and 
Arg347Pro 

Class V A reduced amount of intact CFTR proteins 
with decreased function due to the paucity 
of protein at the cellular surface but each 
individual protein exhibits normal function. 

 Intron mutations, 
which affect splic-

ing and reduce 
CFTR synthesis. 

Class VI Increased turnover due to a shortened CFTR 
protein half-life due to formation of unstable 

proteins.

Missense mu-
tations [eg, 
432delTC] 

Table 3. Clinical manifestations of cystic fibrosis [2, 11, 33, 34 ,35] 

System Manifestations

General Growth failure due to malabsorption and vitamins deficien-
cies especially A,D,E,K.

Respiratory 
system

- Nose: Nasal Polyps and sinusitis
- Lungs: Bronchitis, bronchiectasis, bronchiolitis, pneumonia, 
Atelectasis, hemoptysis, pneumothorax, Cor pulmonale, respi-
ratory failure, mucoid impaction in the bronchi. 

Cardiovas-
cular

Right ventricular hypertrophy and dilated pulmonary artery

Gastrointes-
tinal

- Gastric: gastro-esophageal reflux
- Spleenic: Hypersplenism
- Pancreatic: Pancreatitis, Pancreatic insufficiency of both 
exocrine and endocrinal functions leading to malabsorption, 
insulin deficiency, asymptomatic hyperglycemia, diabetes 
mellitus, 
- Intestinal: Meconium ileus and peritonitis, distal intestinal 
obstruction syndrome, volvulus, rectal prolapse, appendicitis, 
intestinal atresia, colonic strictures, inguinal hernia  

Hepato-
biliary

- Hepatic: elevated aminotransferases, cholestasis, hepatic 
steatosis, focal biliary cirrhosis, and multilobular cirrhosis 
with or without portal hypertension hepatic fibrosis and 
hepatocellular carcinoma
- Biliary: micro gallbladder and neonatal obstructive jaundice, 
cholelithiasis.

Urinary - Nephrolithiasis, electrolyte abnormalities, and acute kidney 
injury [AKI]. 
- Rarer manifestations include progression to chronic kidney 
disease, amyloidosis, diabetic nephropathy, nephrocalcinosis, 
diffuse, and nodular glomerulosclerosis and nephrolithiasis

Reproductive - Delayed puberty, Amenorrhea in females, Absent vas defer-
ence and azoospermia in males

Skeletal - Hypertrophic osteoarthropathy, clubbing, arthritis, and 
osteoporosis
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social worker, psychologist, secretary, and technical assistant 
for sweat tests [38]. The management lines of cases with CF 
are shown in table [5]. The most attention has been given to the 
treatment of airway symptoms since pulmonary disease is re-
sponsible for 95% of the mortality from CF. Although all strate-
gies rely on a combination of mucus – dissolving agents, pas-
sive or active physical activities and antibiotics, success varies 
greatly between centers and countries [2]. 
According to King Faisal Specialist hospital guideline, published 
by Banjar (2003) [14], sputum or nasopharyngeal aspirate cul-
tures are taken routinely from all cases of CF on initial diagno-
sis and at every follow-up visit. Prophylactic broad-spectrum 
antibiotics are prescribed for the first 1 to 2 years if cases show 
tachypnea, wheezing and excessive sputum as recommended 

by Weaver et al. (1994) [42] and McCaffery et al. (1999), [43] 
such as amoxicillin, cephalexin monohydrate, or trimethoprim/ 
sulfamethoxazole (Bactrim).  After 2 years of prophylaxis, anti-
microbials are given during acute attacks and selected accord-
ing to the bacterial cultures. Resistant infections are admitted 
for therapy for further evaluation and treated with intravenous 
third-generation cephalosporin and an aminoglycoside accord-
ing to their culture and sensitivity results [44-45]. For pancreat-
ic insufficiency pancreatic enzymes are given, according to Cys-
tic Fibrosis Foundation recommendations [46], in combination 
with supplementation of fat-soluble vitamins (A, D, E, and K).

Cystic fibrosis current situation in Saudi Arabia:
All over the kingdom and over the last 3 decades, a lot of ar-
ticles and case reports were published about CF in Saudi Arabia. 
The number of reported cases was increasing in the succes-
sive publications. This means that CF came to the focus of the 
healthcare services plans and staff. However, more efforts are 
required especially more cases are expected with the very high 
rates of consanguinity all over the kingdom. 
The main problem in CF in Saudi Arabia is the delay in diag-
nosis. Most cases start with mild symptoms and their proper 
diagnosis mostly is overlooked. This problem is multifactorial. 
Firstly, a lack of awareness of the healthcare staff is a major 
limiting obstacle in the way of early diagnosis. Additionally, a 
limited number of specialized centers for CF diagnosis is an-
other problem. These centers should be properly distributed 
all over the kingdom and should be equipped with the required 

Table 4. Diagnostic methods for cystic fibrosis [11, 33, 36,37,38]

Method Comment

Screening
21,22

An increase in immunoreactive tryp-
sin in serum was found to have high 
specificity and sensitivity for CF 
screening

After 10 years of age 
most studies show very 
little difference to un-
screened patients

Laboratory Sweat test: After Pilocarpine stimu-
lation sweat should be collected 
over 30 minutes. A sweat chloride 
concentration of > 60 mmol/L con-
firms the diagnosis of CF in patients 
with suggestive clinical symptoms. 
The sweat test can be carried from 
the 3rd week of life on, provided the 
infant weighs more than 3 kg, is nor-
mally hydrated and without signifi-
cant illness. 

Sweat test data may be 
unreliable due to some 
technical mistakes 
in  sweat collection,  
performance,  biological 
variation in sodium 
chloride levels, 
sample transportation 
problems, and human 
personal errors and 
instrument calibration 
problems.

The conductivity sweat test: The skin 
of the forearm is cleaned, then sweat 
is stimulated using electrodes with 
pilocarpine gel disks. Sweat collec-
tion lasted for 30 min by macroduct 
collector and a minimum amount of 
15 μl was required. Then Sweat-
Chek analyzer device can measure 
the conductivity of the sample and 
converted the measured values into 
sodium chloride molarity unit equiva-
lents. 

It is a simpler sweat 
test method that 
eliminates the weighing 
and dilution steps and 
also reduces the risk 
of sample evaporation. 
It yields a high degree 
of diagnostic accuracy 
and it showed good 
agreement with sweat 
chloride

Molecular genetic studies for CFTR 
mutations: Commercial assays are 
available that screen for a panel of 
about 30 popular CF related muta-
tions. In the case of borderline sweat 
test in a patient with symptoms 
compatible with atypical CF, ex-
tensive mutation screening of both 
CFTR genes may be required to sup-
port this diagnosis.

-Genetic studies require 
experience and training 
of technicians and 
scientist especially 
with the extending 
newly discovered 
CF phenotypes 
with expected more 
problems in the genetic 
data interpretations. 

CFTR Bioassay: transepithelial nasal 
potential difference. This method 
measures the epithelial ion fluxes or 
their resultant voltage potential at 
the mucosal surface.

It is available in a very 
limited specialized cen-
ter. Hence it is not com-
monly used especially 
in the developing poor 
countries

Clinical Suggestive clinical data include fail-
ure to thrive and recurrent chest in-
fections in an infant or children.  Also 
newly born meconium ilieus with 
vomiting and not passing stools is 
highly suggestive. Additionally, re-
current or persistent cough (Mostly 
triggered by a viral infection such as 
Respiratory syncytial virus).

Early  manifestations 
are mild and non-spe-
cific and most cases are 
misdiagnosed

Non spe-
cific inves-
tigations

Chest x ray, Lung function tests, A 
sputum culture, Abdominal imaging, 
Insulin assay studies

The non-specific invest-
ingations are based on 
the clinical data

Table 5. Treatment modalities of cystic fibrosis [11, 35, 38-46]

Strategy Treatment modalities

Gene 
therapy

- Gene delivery with aerosolized adenovirus vector: will not give 
the targeted results as the adenovirus receptors are deficient 
on the apical side of the epithelial cells. 

Potentia-
tors

- They prolong the channels’ opening time with more chloride 
transfere. For examples, Ivacaftor had been shown to be effec-
tive in cases with G551D mutations. 

Correctors - They facilitate the movement of mutant F508 CFTR([primarily 
class II mutations) out of the endoplasmic reticulum to the api-
cal plasma membranes of epithelial cells. For example: Luma-
caftor (VX-809), in patients with F508del-CFTR. 

Symptom-
atic

- Antibiotic strategies: Chronic P. aeruginosa infection is 
treated with: combinations of a beta-lactam (ceftazidime) and 
an aminoglycoside (tobramycin). Methicillin resistant S. Aureus 
(MRSA) is treated with: Linezolid or Rifampicin with Fucidin, 
Trimethoprim or Doxycycline. 
- Bronchodilators: Inhaled b2-adrenergic bronchodilators  
- Anti-inflammatory drugs Inhaled corticosteroids. Anti-inflam-
matory Ibuprufen, and Macrolides such as azithromycin.
- Oxygen therapy: Oxygen therapy is recommended at night or 
continuously.
- Immunostimulants Alpha-1-antitrypsin supplementation and 
Vitamin D regulates both adaptive and innate immune systems.
- Lung transplantation: Indicated is FEV1 of < 30% of the 
predicted values.
- Others for air way clearance: postural drainage, hest physical 
therapy and mucoactive drugs.
- Vitamin supplementation Extra supplementation of fat soluble 
vitamins, antioxidants (vitamin E and ʙ-carotene),and vitamin 
A.  
- Diet modification: High fat diet (fat contributes 40-45% of 
the energy) with the polyunsaturated fatty acids should con-
tribute 10-15 of the energy intake.
- Pancreatic supplement therapy:  Desiccated Porcine pancreat-
ic extracts are available and other new supplementations, from 
bacterial lipases and recombinant human bile salt- stimulated 
lipase, are being studied in clinical trials.
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facilities and properly trained staff for the genetic diagnostic 
workup.
The second problem is a lack of public awareness of the dis-
ease. This leads to a lack of adherence to the long-life follow-up 
visits, which are crucial in improvement of the disease compli-
cations and increasing the median survival of the diagnosed 
cases. Also, this incompliance of the patients and their families 
may be due to the limited number of the specialized centers. 
Hence lots of time, money, and efforts are spent in the long 
follow-up programs. Also, the outcomes of cases are mostly 
not satisfactory for patients and their families with terminal 
cases  that mostly thought to be  not-treatable and hopeless 
in cases of CF. This concept makes them desperate to continue 
the follow-up program.
The third important issue is related to the economic burden of 
treatment of CF cases especially with late diagnosis and espe-
cially to continuously deteriorated lung function and prolonged 
colonization of resistant pathogenic microbial stains. Specific 
gene therapy potentiators and correctors are highly expensive 
and only available for big specialized centers. All Saudi people 
are covered by the umbrella of the government insurance and 
all services for CF cases are unpaid, but this should not force us 
to ignore that CF cases survival is strongly affected by social 
factors and mortalities are more common among cases of the 
low social class [47].
Mortality among cases of CF in Saudi Arabia is a multi-factorial 
issue. Delayed diagnosis and delayed onset of nutritional re-
placement were suggested to play a major role. Also, resistant 
pseudomonas and methicillin-resistant staph aureus MRSA in-
fections are related to early deaths. Additionally, high hemato-
crit with low red blood cells indices was shown to be related to 
CF poor prognosis and mortalities [14].
Finally, the extending publications from Saudi Arabia in the era 
of CF are promising, however further large scale and longitudi-
nal studies should be done to determine Saudi CFTR mutation 
patterns which could be needed during screening of CF in Saudi 
Arabia. Internationally, more researches should be conducted 
to investigate the long-term effects of the emerging novel CF 
genetic and functional treatment modalities.

Scientific Responsibility Statement 
The authors declare that they are responsible for the article’s 
scientific content including study design, data collection, analy-
sis and interpretation, writing, some of the main line, or all of 
the preparation and scientific review of the contents and ap-
proval of the final version of the article.

Animal and human rights statement
All procedures performed in this study were in accordance with 
the ethical standards of the institutional and/or national re-
search committee and with the 1964 Helsinki declaration and 
its later amendments or comparable ethical standards. No ani-
mal or human studies were carried out by the authors for this 
article.

Conflict of interest
None of the authors received any type of financial support that 
could be considered potential conflict of interest regarding the 

manuscript or its submission.

References
1. Dankert- Roelse JE, Merelle ME. Review of outcomes of neonatal screening 
for cystic fibrosis versus non screening in Europe. J pediatr. 2005; 147(Suppl. 3): 
S15- 20.
2. Centers for Disease Control and Prevention. Newborn Screening for Cystic 
Fibrosis: Evaluation of Benefits and Risks and Recommendations for State New-
born Screening Programs—Summary Reprinted from the Recommendations and 
Reports Section of the CDC Publication Morbidity and Mortality Weekly Report. 
Vol. 53, RR-13, October 15, 2004. J pediatr. 2005; 147(Suppl.3): S1.
3. Li HJ, Cheng Y, Farrell PM. The survival advantage of patients with cystic 
fibrosis diagnosed through neonatal screening: evidence from the United States 
Cystic fibrosis Foundation registry data. J Pediatr. 2005; 147: S57-63.
4. Andersen DH. Cystic fibrosis of the pancreas and its relation to celiac disease. 
Am J Dis Child. 1938; 56(2): 344-99.
5. Farber S. Pancreatic function and disease in early life v. pathologic changes 
associated with pancreatic insufficiency in early life. Arch Pathol. 1944; 37: 238. 
6. Cuthbert AW. New horizons in the treatment of cystic fibrosis. British journal 
of pharmacology. 2011; 163(1): 173-83.
7. Bobadilla JL, Macek Jr M, Fine JP, Farrell PM. Cystic fibrosis: a worldwide analy-
sis of CFTR mutations-correlation with incidence data and application to screen-
ing. Hum Mutat. 2002; 19(6): 575-606.
8. MacKenzie T, Gifford AH, Sabadosa KA, Quinton HB, Knapp EA, Goss CH, et al. 
Longevity of patients with cystic fibrosis in 2000 to 2010 and beyond: survival 
analysis of the Cystic Fibrosis Foundation patient registry. Annals of internal 
medicine. 2014; 161(4): 233-41.
9. Stephenson AL, Sykes J, Stanojevic S, Quon BS, Marshall BC, Petren K, et al. 
Survival comparison of patients with cystic fibrosis in Canada and the United 
States: a population-based cohort study. Annals of internal medicine. 2017; 
166(8): 537-46.
10. Zheng B, Cao L. Differences in gene mutations between Chinese and Cauca-
sian cystic fibrosis patients. Pediatric pulmonology. 2017; 52(3): doi: 10.1002/
ppul.23539.
11. Banjar H, Angyalosi G. The road for survival improvement of cystic fibrosis 
patients in Arab countries. International Journal of Pediatrics and Adolescent 
Medicine. 2015; 2(2): 47-58.
12. Salam MZ. Cystic fibrosis of the pancreas in an oriental child. InAnnales 
paediatrici. International review of pediatrics. 1958; 190. (4): 252-5.
13. Abdullah MA. Cystic fibrosis in Saudi Arabia: a case report. Saudi Med J. 
1986; (7): 189-91.
14. Banjar H. Morbidity and mortality data of cystic fibrosis patients. Saudi 
medical journal. 2003; 24(7): 730-5.
15. Nazer H, Riff E, Sakati N, Mathew R, Majeed-Saidan MA, Harfi H. Cystic 
fibrosis in Saudi Arabia. European journal of pediatrics. 1989; 148(4): 330-2.
16. Nazer H, Rahbeeni Z. Cystic fibrosis and the liver-a Saudi experience. Annals 
of tropical paediatrics. 1994; 14(3): 189-94.
17. Al-Mobaireek KF, Abdullah AM. Cystic fibrosis in Saudi Arabia: common and 
rare presentations. Annals of tropical paediatrics. 1995; 15(4): 269-72.
18. El-Harith EA, Dörk T, Stuhrmann M, Abu-Srair H, Al-Shahri A, Keller KM, et 
al.Novel and characteristic CFTR mutations in Saudi Arab children with severe 
cystic fibrosis. Journal of medical genetics. 1997; 34(12): 996-9.
19. Banjar H, Mogarri I, Meyer BF, Kambouris M. Genetic and clinical data of 
cystic fibrosis patients in a tertiary care centre in Saudi Arabia. Kuwait Medical 
Journal. 1998; 30: 312-6.
20. Kambouris M, Banjar H, Moggari I, Nazer H, Al-Hamed M, Meyer BF. Identi-
fication of novel mutations in Arabs with cystic fibrosis and their impact on the 
cystic fibrosis transmembrane regulator mutation detection rate in Arab popula-
tions. European journal of pediatrics. 2000 ;159(5): 303-9.
21. Banjar HH. 19 Cystic fibrosis transmembrane regulator gene mutations 
(CFTR) in a tertiary care centre in Saudi Arabia. J Cyst Fibros. 2013; 12: S53.
22. Rommens JM, Iannuzzi MC, Kerem BS, Drumm ML, Melmer G, Dean M, et al. 
Identification of the cystic fibrosis gene: chromosome walking and jumping. Sci-
ence. 1989; 245(4922): 1059-65.
23.  QuintonPM. Chloride impermeability in cystic fibrosis. Nature. 1983; 301: 
421-2.
24. Farrell PM, Rosenstein BJ, White TB, Accurso FJ, Castellani C, Cutting GR, et 
al.Guidelines for diagnosis of cystic fibrosis in newborns through older adults: 
Cystic Fibrosis Foundation consensus report. J Pediatr. 2008; 153(2): S4-14.
25. Tabaripour R, Niaki HA, Douki MR, Bazzaz JT, Larijani B, Yaghmaei P. Poly 
thymidine polymorphism and cystic fibrosis in a non-Caucasian population. Dis. 
Markers. 2012; 32(4): 241-6.
26. Vallières E, Elborn JS. Cystic fibrosis gene mutations: evaluation and assess-
ment of disease severity. Adv Genomics Genet. 2014; 4: 161-72.
27. Coutinho HD, Falcão-Silva VS, Gonçalves FG. Pulmonary bacterial pathogens 
in cystic fibrosis patients and antibiotic therapy: a tool for the health workers. 
International archives of medicine. 2008; 1(1): 24.
28.  Welsh MJ, Smith AE. Molecular mechanisms of CFTR chloride channel dys-
function in cystic fibrosis. Cell. 1993; 73(7): 1251–54.
29. Haardt M, Benharouga M, Lechardeur D, Kartner N, Lukacs GL. C-terminal 
truncations destabilize the cystic fibrosis transmembrane conductance regulator 
without impairing its biogenesis. A novel class of mutation. J Biol Chem. 1999; 



 | The Annals  of Clinical and Analytical Medicine

Cystic fibrosis in Saudi Arabia

780

274(31): 21873–877 
30. McKone EF, Goss CH, Aitken ML. CFTR genotype as a predictor of prognosis 
in cystic fibrosis. Chest. 2006; 130(5): 1441–47.
31. Alghisi F, Angioni A, Tomaiuolo AC, D’Apice MR, Bella S, Novelli G, et al. Diag-
nosis of atypical CF: a case-report to reflect. J Cyst Fibros. 2008; 7(4): 292–4. 
32. Ziedalski TM, Kao PN, Henig NR, Jacobs SS, Ruoss SJ. Prospective analysis 
of cystic fibrosis transmembrane regulator mutations in adults with bronchiec-
tasis or pulmonary nontuberculous mycobacterial infection. Chest. 2006; 130(4): 
995–1002.
33. Egan M. Cystic Fibrosis. In: Kliegman RM, Stanton BF, Schor NF, editors. 
Nelson Textbook of Pediatrics. 19th. Philadelphia: Saunders; 2011. p. 1481–97.
34. Gaskin K, Gurwitz D, Durie P, Corey M, Levison H, Forstner G. Improved respi-
ratory prognosis in patients with cystic fibrosis with normal fat absorption. The 
Journal of pediatrics. 1982 ;100(6):857-62. 
35. Lusman SS, Grand R. Approach to chronic abdominal pain in Cystic Fibrosis. J 
Cyst Fibros. 2017; 16: S24-31.
36. Servidoni MF, Gomez CC, Marson FA, Toro AA, Ribeiro MÂ, Ribeiro JD, et 
al. Sweat test and cystic fibrosis: overview of test performance at public and 
private centers in the state of São Paulo, Brazil. J Bras Pneumol. 2017; 43(2): 
121-8.
37. Ross LF. Newborn screening for cystic fibrosis: a lesson in public health 
disparities. J Pediatr. 2008; 153(3): 308-13.
38. Bhatt JM. Treatment of pulmonary exacerbations in cystic fibrosis. European 
Respiratory Review. 2013; 22(129): 205-16.
39. Mattar AC, Leone C, Rodrigues JC, Adde FV. Sweat conductivity: an accurate 
diagnostic test for cystic fibrosis? Journal of Cystic Fibrosis. 2014; 13(5): 528-
33. 
40. Walters RW, Grunst T, Bergelson JM, Finberg RW, Welsh MJ, Zabner J. Baso-
lateral localization of fiber receptors limits adenovirus infection from the api-
cal surface of airway epithelia. Journal of Biological Chemistry. 1999; 274(15): 
10219-26.
41. Davies J, Sheridan H, Bell N, Cunningham S, Davis SD, Elborn JS, et al. As-
sessment of clinical response to ivacaftor with lung clearance index in cystic 
fibrosis patients with a G551D-CFTR mutation and preserved spirometry: a 
randomised controlled trial. The Lancet Respiratory Medicine. 2013; (8): 630-8.
42. Katkin J, Baker RD, Baker SS, Motil KJ, Mallory GB, Klish WJ, et al. Cystic 
fibrosis: Assessment and management of pancreatic insufficiency. UpToDate. 
2013; 12.
43. Weaver LT, Green MR, Nicholson K, Mills J, Heeley ME, Kuzemko JA, et al. 
Prognosis in cystic fibrosis treated with continuous flucloxacillin from the neona-
tal period. Arch Dis Child. 1994; 70: 84-89. 
44. McCaffery K, Olver RE, Franklin M, Mukhopadhay S. Systematic review of ant 
staphylococcal antibiotic therapy in cystic fibrosis. Thorax. 1999; 54: 380-3.
45. Wiesemann HG, Steinkamp G, Ratjen F, Bauernfeind A, Przyklenk B, Doring G, 
et al. Placebo-controlled, double-blind randomized study of aeroslised tobramy-
cin for early treatment of Pseudomonas aeruginosa colonization in cystic fibro-
sis. Pediatr Pulmonol. 1998; 25: 88-92. 
46. Frederiksen B, Koch C, Hoiby N. Changing epidemiology of Pseudomonas 
aeruginosa infection in Danish cystic fibrosis patients. Pediatr Pulmonology. 
1999; 28: 159-66.
47. Ramsey BW, Farrell PM, Pencharz P, Consensus Committee. Nutritional as-
sessment and management in cystic fibrosis: a consensus report. The American 
journal of clinical nutrition. 1992 ;55(1):108-16. 
48. Britton JR. Effects of social class, sex, and region of residence on age at 
death from cystic fibrosis. BMJ. 1989; 298(6672): 483-7.

How to cite this article:
Alenazi SA. Cystic fibrosis: Saudi arabia current situation and perspectives. Ann 
Clin Anal Med 2019;10(6): 775-80.


